We examine whether we can make a black hole in Fisher information spacetime and what kind of quantum states produce the black hole solution in terms of the anti-de Sitter spacetime/conformal field theory correspondence. Here we focus on the Bañados-Teitelboim-Zanelli black hole. There exists a mathematical representation of entanglement spectra that define the Fisher geometry as the black hole spacetime. We find that this representation is quite similar to the entanglement spectra in a conformal field theory at finite temperature except for minor corrections, and then the inverse temperature corresponds to the position of the event horizon in the Poincare coordinate.
We examine whether we can make a black hole in Fisher information spacetime and what kind of quantum states produce the black hole solution in terms of the anti-de Sitter spacetime/conformal field theory correspondence. Here we focus on the Bañados-Teitelboim-Zanelli black hole. There exists a mathematical representation of entanglement spectra that define the Fisher geometry as the black hole spacetime. We find that this representation is quite similar to the entanglement spectra in a conformal field theory at finite temperature except for minor corrections, and then the inverse temperature corresponds to the position of the event horizon in the Poincare coordinate. Possible application of Fisher geometry to spacetime physics has a bit long story. Since the Fisher metric is defined from a microscopic model of our target system, the resulting classical spacetime emerged from the Fisher metric may answer some questions associated with quantum gravity, efficient quantum information storage, and so on. Unfortunately, most of all known works seem to lack physical interpretation, since they are based on purely mathematical or information-geometrical viewpoints for the amount of information, not physical objects. However, I have recently written a couple of papers in which some important aspects in the anti-de Sitter spacetime/conformal field theory (AdS/CFT) correspondence in string theory can be well chaptured by the Fisher geometry [1] [2] [3] [4] . Then, it was quite important to make our physical standpoint clear, and for this purpose I have used the entanglement entropy scaling in CFT. In this context, we would like to know more about functionality of the geometry by taking another famous examples in AdS/CFT.
Here we focus on the existence of the Bañados-Teitelboim-Zanelli (BTZ) black hole in the Fisher information spacetime. The BTZ black hole geometry is the solution of the vacuum Einstein field equation in (2 + 1) dimension with the negative cosmological constant [5, 6] . In view of AdS/CFT, its dual field theory is (1 + 1)-dimensional CFT, and the presence of the black hole corresponds to finite-temperature effects on CFT. As will be later discussed, the Fisher metric in the present case is defined from the entanglement spectra of a quantum field theory, and thus the spectra are determined so that the Fisher metric becomes equal to the BTZ metric. Then, we would like to ask whether the spectra are consistent with the CFT results at finite temperatures. We will find that this is actually true except for minor difference between them. Thus, we think that the consistency between this information-geometrical tool and AdS/CFT becomes more and more reliable than the previous situation. * matsueda@sendai-nct.ac.jp
Let us start with a quantum state |ψ defined on (1+1)-dimensional flat Minkowski spacetime R 1,1 . We devide the whole system into two spatial regions A andĀ. Then, |ψ is represented by the Schmidt decomposition or the singular value decomposition (SVD) as
where {|n A } and {|n Ā } are the Schmidt bases for two subsystems A andĀ, respectively. The Schmidt coefficient or the SVD spectrum λ n is a function of correlation length ξ of |ψ , time t, and the boundary position x between A andĀ. These parameters are labeled as θ = (ξ, t, x). It is well-known in terms of density matrix renormalization group (DMRG) that the index n distinguishes different length-scale physics [7] . Later we will see that the presence of ξ is crucial for the emergence of the radial axis of AdS. We normalize the Schmidt coefficient so that |ψ is normalized as
The dual gravity theory is constructed by the Fisher metric defined from the entanglement entropy of the original quantum state. The entropy is defined by
where the entanglement entropy S(θ) is a function of θ due to the θ dependence on the singular value spectrum λ n (θ). We also define the entanglement spectrum γ n (θ) and the expectation value of a quantity O n (θ) as
and then the entropy is represented as
In order to introduce the Fisher metric, we take the second derivative of S by θ. We abbreviate ∂/∂θ µ as ∂ µ . The first derivative of S is given by
where the second term in the right hand side vanishes, since n ∂ ν |λ n | 2 = ∂ ν 1 = 0. The second derivative is also given by
where g µν and h µν are respectively defined by
Starting with the relation ∂ ν γ = 0, we find
The second term h µν is thus vanishing in the strong coupling limit in which all of the singular values play an equal role on this term. Furthermore it is clear in meanfield decoupling that h µν ≃ γ ∂ µ ∂ ν γ − ∂ µ γ∂ ν γ = 0. Therefore, g µν is crucial for the metric, and we know
The right hand side of Eq. (9) is nothing but the Fisher metric in terms of information geometry [8] . Actually, we calculate the Kullback-Leibler measure
and thus we know that g µν is an appropriate metric tensor. Let us move to black hole configuration. The BTZ black hole is represented by the following metric
Hereafter we change the notation as ξ → z in accordance with standard notation. The factor f (z) is defined by
and the position z = z 0 denotes the event horizon. First we consider a constant-t surface, since the effect of the entanglement dynamics on the scaling formula of the entanglement entropy is just additive to the equillibrium result.
It is convenient to take a complex coordinate as
with a z-dependent real function g(z). We recognize
and we take
Integrating this differential equation, we obtain
In the complex coordinate [2] , the Fisher metric is represented as
The entanglement spectrum in the complex coordinate is described dy the sum of holomorphic and antiholomorphic parts. The first derivative of the entanglement spectrum, ∂ w γ, is expanded to the Laurent modes,
∂wγ n (w,w) =
and the leading order of the Laurent expansion of γ is given by γ n ≃ g n + h n log w +h n logw,
with real and complex constants, g n and h n , respectively. These logarithmic terms directly correspond to the entanglement entropy in the CFT back ground, since the expectation value of the entanglement spectrum is equal to the entanglement entropy. We assume h n = α n + iβ n , α 2 = β 2 , αβ = 0.
Then, the metric is given by 
